
12

Bulgarian Journal of Agricultural Science, 19 (Supplement 1) 2013, 12–15
Agricultural Academy

CHEMICAL CHARACTERIZATION OF BROWN SEAWEED – 
CYSTOSEIRA BARBATA

Z. MANEV1, A. ILIEV1 and V. VACHKOVA2

1 Food Research and Development Institute, BG – 4000 Plovdiv, Bulgaria
2 Institute of Fish Resources, BG – 9000 Varna, Bulgaria

Abstract

MANEV, Z., A. ILIEV and V. VACHKOVA, 2013. Chemical characterization of brown seaweed – Cystoseira barbata. Bulg. 
J. Agric. Sci., Supplement 1: 12–15

The aim of this study is to make chemical characterization of one type brown seaweed (Cystoseira barbata) obtained from 
several points in Black Sea near to city of Varna and to make comparative analysis at obtained samples. In order to make this 
characterization quantity of several major substances has been determined. We analyzed content of proteins, carbohydrates, 
fats, phenols, alginic acid, some heavy metals as Pb, Cd, As, and some essential elements as P, Ca, Mg. In addition, ash and 
water content has been determined. 
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Introduction

Currently biodiversity of seaweed in Bulgarian 
aquatory is represented by 165 species referred to the 
three genuses. Most numerous are red seaweed (Rho-
dophyta), followed by green (Chlorophyta) and brown 
(Phaeophyta). Studying of macro-algae grew up inter-
est because their ability for purifi cation of associated 
ecosystems, and their role as bioindicators. They are 
markers for presence of negative changes in coastal 
marine ecosystems due to the accumulation of pollut-
ants in their talus. Another aspect in their study is ac-
cumulation of bioactive compounds with application in 
various types of industry. Cultivated algae and products 
produced by them have implementation in medicine, 
pharmacy, food, textile industry, for purifi cation of 
wastewater, and in livestock farming (Dimitrova-Kon-
aklieva, 2000). Species from genus Phaeophyta (classis 
Phaeophyceae, ordo Fucales, familia Cystoseiraceae), 

Cystoseira barbata (Agardh, 1821) is one of largest 
seaweed in black see aquatory. C. barbata reaches 
maximum length of 170 cm. Studying association of C. 
barbata is used for biomonitoring, for calculation of in-
dexes that help to determine ecological status and eutro-
phication level of given habitat. Cystoseira barbata is 
indicator for purity of water. Aquatories with dominat-
ing Cystoseira are known with highest quality of water 
(Orfandis, 2001; Dencheva, 2008). Cystoseira is sec-
ond most used species with economical value in black 
sea region. Since mid 60s in Bulgaria, chemical direc-
tion of studying marine algae has been built up. Species 
has been investigated due high content of alginic acid. 
(Dimitrova-Konaklieva, 2000). The fi rst in our studies 
and quantitative distribution and supply of Cystoseira 
in Bulgarian coastal are (Petrova-Karadzhova, 1975). 
This seaweed is recognized as valuable raw material 
both for industry and agricultural (Petrova-Karadzho-
va, 1975). As industry raw material, both alginic acid 
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nad its salts had been extracted, as representatives of 
most valuable products produced by seaweeds at all. 
They had almost universal implementations in vari-
ous types of industry, and nonindustrial manufacturing 
(Petrova-Karadzhova, 1967). Alginic acid is contained 
in cellular walls of Cystoseira barbata as calcium and 
magnesium alginate. The principle of extraction lies in 
modifi cation of insoluble alginates (calcium and mag-
nesium salts) into soluble ones(sodium and potassium 
salts). This is performed by treatment of insoluble salts 
(or raw material as brown seaweeds) with alkaline so-
lution (Bashford et al., 1950).

CaAlg2 + 2 Na+ + 2 NaAlg + Ca2+

Manny authors established that treatment of raw 
materials with mineral acid (sulfur or hydrochloric) 
improves extraction (Haug, 1964; Myklestad, 1968a; 
1968b; Secconi, 1967). Alginic acid yield varies between 
18.3% – 26.6% in dependence from dry weight and 
preliminary treatment. It is found (Moen et al., 1997a; 
1997b) that natural endogenous alginate lyase enzymes 
catalyze infl uence of natural polyphenols contained in 
brown seaweed, resulting alginate degradation. It is well 
known that marine algae are rich in minerals, and some 
biological active compounds, such as polysaccharides, 
proteins, lipids, and polyphenols, with antibacterial, an-
tivirus and antifungal activity. (Arasaki, 1983), (Kumar 
et al., 2008b). Water content in fresh seaweed is high 
and can reach up to 94%. Content of nutrients varies in 
dependence of season, species, and location.

Aim of this investigation is to provide chemical char-
acterization and comparative analysis between for sam-
ples of brown seaweed (Cystoseira barbata) taken from 
for different location in black see near to city of Varna.

Materials and Methods

Used metods:
– Protein determination: БДС 14431-78
Protein content is determined by measure of nitro-

gen content by Kjeldahl method. (Pearson, 1970).
– Lipids determination: БДС 6997-84
Content of fats is measured by extraction of lipids 

with petroleum ether by soxhlet method. (Manirakiza 
et al., 2001)

– Determination content of reducing sugars: БДС 
7169-89

– Dry weight measurement: БДС EN 12145-2000
– Determination of ash content: БДС 7646-82
– Polyphenols determination:
Content of polyphenols is measured by Folin-Cio-

calteu method.
– Determination content of chemical elements:
Content of few important chemical elements are 

determined trough ICP-OES spectroscopy by method 
validated in FRDY-Plovdiv.

– Alginic acid determination: 
Is Determined by high thermal alkaline extraction 

(Perez, 1992; Haug, 1974 ; Suzuki, 1953) 

Materials and reagents
Samples Cystoseira barbata was obtained from 

few different regions of black see near city of Varna by 
method of squares (Kalugina-Gutnik, 1975).

Used reagents where supplied by SIGMA – AL-
DRICH.

Equipment
ICP – OES Spectrofl ame Modula.
UV/VIS spectrometer „Thermo „EVOLUTION 201“
Laboratory balance „Sartorius A120S“
Glassware with accuracy class „А“

Results and Discussions

In results represented in Table 1 can be seen that 
highest amount of dry weight have algae from Rusalka 
region, and ash content in st. Atanas region. Lowest dry 
weight content has algae from Shabla region, and ash 
content from Carevo. Dry weight in algae from Rusal-
ka is 1.5 times more than one from Shabla, and ash 
content in algae taken from st. Atanas is 6 times more 
than one taken from Carevo. 

Regarding content of proteins, sugars and fats it 
can be seen that highest protein content has algae from 
Shabla – 25.6 g.kg–1; fats, from st. Atanas – 10.3 g.kg–1, 

and sugars from Rusalka – 9.6 g.kg–1. Lowest content of 
proteins and fats has algae from Rusalka 12.6 and 6.4 
g.kg–1; accordingly, and sugars from Carevo – 2.3 g.kg–1. 

When we consider polyphenols and alginic acid 
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content, algae taken from Carevo has highest amount 
of polyphenols – 66.9 g.kg–1 GAE, and these taken 
from Shabla has highest alginic acid content – 26.6% / 
dry weight. Lowest amount of polyphenols is detected 
in algae from – 14.3 g.kg–1 GAE; and alginic acid in 
algae from– 18.3% / dry weight. 

Data shows that algae from Shabla with lowest 
amount of polyphenols contain highest amount of al-
ginic acid. That can be explained with synergy between 
polyphenols and alginate lyase. 

Regarding data for inorganic composition, high-
est content of magnesium can be seen in algae from 
Carevo – 1803.26 – mg.kg–1; which is 9 times higher 
than one from Shabla. With phosphorus we can see op-
posite pattern, highest amount is in Shabla – 131.12 
mg.kg–1; and lowest in – 79.28 mg.kg–1. 

Regarding heavy metal content, highest amount of 
arsenic can be seen in algae from Shabla – 5.5 mg.kg–1; 
for other regions content is very close. Highest amount 
of cadmium contain algae from Rusalka and Carevo, 
and lowest from Shabla. Highest content of lead has 
algae from Rusalka, and lowest from Carevo. In Bul-
garian legislation there are not regulations regarding 
content of toxic metals in algae used in food industry. If 

we make comparison with other seafood as fi sh, shell-
fi sh, and crabs we see that content of toxic metals in 
algae are lower than regulations for such foods, but we 
can see strong regional variation regarding lead con-
tent. Algae taken from Shabla and Carevo we observe 
lead content bellow regulations for shellfi sh, but above 
those for crabs, until algae from Rusalka and st. Ata-
nas contain lead bellow regulations for crabs regarding 
cadmium we observe smaller regional variations than 
lead, and in all regions content is lower than regula-
tions for all seafood excluding meat from some types 
of fi sh. Regarding arsenic we observe relative constant 
content around 4 mg.kg–1, excluding algae from Shabla 
where we observe 5.55 mg.kg–1. Content for arsenic is 
higher than regulations for shellfi sh, but lower than one 
for fi sh meat, excluding algae taken from Shabla which 
content is higher even from regulations for fi sh meat. 

Conclusions

In result of upper results, we can list following con-
clusions. 

Highest content of proteins have algae from Shabla re-
gion, of fats from st. Atanas, and of sugars from Rusalka. 

Table 1
Physical and chemical composition of brown seaweed – Cystoseira barbata obtained from different regions 
in Black Sea
Seaweed Cystoseira barbata Cystoseira barbata Cystoseira barbata Cystoseira barbata
Type Brown Brown Brown Brown
Region Shabla St. Atanas Rusalka Carevo
Dry weight, g.kg–1 187.6 254.0 272.7 262.9
Ash content, g.kg–1 87.9 162.8 45.9 26.9
Proteins, g.kg–1 25.6 24.7 12.6 20.4
Fats, g.kg–1 6.9 10.3 6.4 8.9
Sugars, g.kg–1 3.8 6.5 9.6 2.3
Alginic acid, %/dry weight 26.6 19.6 18.3 19.0
Polyphenols, g.kg–1 GAE 14.3 16.8 16.4 66.9
Mg, mg.kg–1 199.39 1669.67 1782.21 1803.26
P, mg.kg–1 131.12 95.63 106.88 79.28
As, mg.kg–1 5.55 3.85 3.92 4.08
Cd, mg.kg–1 0.13 0.15 0.20 0.19
Pb, mg.kg–1 0.93 1.10 1.47 0.56
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It has been established that algae with higher con-
tent of polyphenols contain lower content of alginic 
acid. 

It has been established that brown algae accumulate 
toxic metals from seawater, but their content in most 
cases is not higher than allowance for seafood. Brown 
algae are not intended for direct consumption, but for 
raw materials for food and feed industry, whish allows 
us higher tolerance regarding heavy metal contami-
nation than seafood intended for direct consumption. 
Samples under this study did not present concern re-
garding toxic metal exposure, but their content mast be 
taken into account during next technological treatment. 

Accumulation of heavy metals gives us ground to 
use brown algae as biomarkers for ecological investi-
gations. 

 
References 

Agardh, C. A., 1820′; 1821′. Species algarum rite cognitae, 
cum synonymis, differentiis specifi cis et descriptionibus 
succinctis. Volumen primum. Pars prima. pp. [i-iv], [1]-
168. Lundae [Lund]: ex offi cina Berlingiana.

Arasaki, S. and T. Arasaki, 1983. Low calorie, high nutri-
tion vegetables from the sea to help you look and feel 
better. Japan Publications, Tokyo, 196 pp.

Bashford, L. A., R. S. Thomas and F. N. Woodman, 1950. 
Manufacture from brown marine algae. Journal of the 
Society of Chemical Industry, 69: 337–343.

Dencheva, K., 2008. Results of the project „Development of 
a program of measures for water bodies at risk: Varna and 
Burgas bay′′ – state macro-algae and higher plants; http://
www.bsbd.org/v2/bg/page_3267658.html (09 July, 2012, 
date last accessed).

Dimitrova-Konaklieva, St., 2000. Flora of algae in Bul-
garia (Rhodophyta, Phaeophyta, Chlorophyta). Pensoft, 
Sofi a-Moskva, pp. 291 (Bg).

Haug, A., B. Larsen and O. Smidsrφd, 1974. Uronic acid 
sequence in alginate from different sources. Carbohydr. 
Res., 32: 217–225.

Haug, A., 1964. Composition and properties of alginates. Re-
ports of the Norwegian Institute of Seaweed Research, 30.

Kalugina-Gutnik, A., 1975. Phytobenthos of the Black Sea. 
Kiev, Naukova Dumka, pp. 235 (Ru).

Kumar, C. S., P. Ganesan, P. V. Suresh and N. Bhaskar, 
2008b. Seaweeds as a source of nutritionally benefi cial 
compounds – a review. J. Food Sci. Technol., 45: 1–13.

Manirakiza, P., A. Covaci and P. Scepens, 2001. Compara-
tive study on total lipid determination using Sohlet, Ro-
ese-Gottlieb, Bilgh & Dyer, and modifi ed Bilgh & Dyer 
extraction methods. Journal of Food Composition and 
Analysis, 14: 93–100.

Moen, E., B. Larsen and K. Østgaard, 1997a. Aerobic mi-
crobial degradation of alginate in Laminaria hyperborea 
stipes containing different levels of polyphenols. Journal 
of Applied Phycology, 9: 45–54.

Moen, E., S. Horn and K. Østgaard, 1997b. Alginate deg-
radation during anaeribic digestion of Laminaria hyper-
borea stipes. Journal of Applied Phycology, 9: 157–166.

Myklestad, S., 1968a. Ion-exchange properties of brown 
algae. I. Determination of rate mechanism for calcium-
hydrogen ion exchange for particles from Laminaria 
hyperborea and Laminaria digitata. Journal of Applied 
Chemistry, 18: 30–36.

Myklestad, S., 1968b. Ion-exchange properties of brown 
algae. II. Rate mechanism for calcium-hydrogen ion ex-
change for particles from Ascophyllum nodosum. Jour-
nal of Applied Chemistry, 18: 222–227.

Orfanidis, S., P. Panayotidis and N. Stamatis, 2001. Eco-
logical evaluation of transitional and coastal waters: A 
marine benthic macrophytes-based model. Journal „Eco-
logical indicators“, 3 (1): 27–33.

Pearson, D., 1970. The chemical analysis of foods. (5th ed.) 
J.&A. Churchill, London, p. 452.

Perez, R., R. Kaas, F. Campello, S. Arbault and O. Barba-
roux, 1992. La culture des algues marine dans le monde. 
Editions IFREMER.

Petrova-Karadzhova, V., 1967. Algae of Black sea – feed-
stock for a new industry here. Fish Agriculturae, 2 (Bg).

Petrova-Karadzhova, V., 1975. Quantitative distribution 
and stocks of Cystoseira barbata (Good et Wood) in 
the Bulgarian Black Sea coast. Proceed. of IFR, vol. 
14 (Bg).

Secconi, M. G., 1967. Procédé de fabrication d’alginates 
pariant des cystoseires ou algues similaires, et produit 
industriel obtenu. Brevet de la République Française, 
1.464.840.

Suzuki, N., 1953. Bull. Faculty of Fisheries, Hokkaido Uni-
versity, Japan, 4: 69.

Singleton, V. L. and J. A. Rossi, 1965. Colorimetry of total 
phenolics with phosphomolybdic phosphotungstic acid 
reagents, American Journal of Enology Viticulture, 16: 
144–158.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


